Background
Methodology/Principal Findings
A pathogen surveillance study was conducted on patients presenting with AFI (N = 796) at outpatient departments in 8 hospitals located in diverse regions of Kenya. Enrollment criterion to the study was fever without a readily diagnosable infection. All the patients had AFI not attributable to the common causes of fever in Kenyan hospitals, such as malaria or rickettsiae, leptospira, brucella and salmonella and they were hence categorized as having AFI of unknown etiology. EBV was detected in blood using quantitative TaqMan-based qPCR targeting a highly conserved BALF5 gene. The overall frequency of EBV viremia in this population was 29.2%, with significantly higher proportion in younger children of <5years (33.8%, p = 0.039) compared to patients aged 5 years (26.3% for 5-15 years or 18.8% for >15 years). With respect to geographical localities, the frequency of EBV viremia was higher in the Lake Victoria region (36.4%), compared to Kisii highland (24.6%), Coastal region (22.2%) and Semi-Arid region (25%). Furthermore, patients from the malaria endemic coastal region and the Lake Victoria region presented with significantly higher viremia than individuals from other regions of Kenya.
Conclusions/Significance
This study provides profiles of EBV in patients with AFI from diverse eco-regions of Kenya. Of significant interest is the high frequency of EBV viremia in younger children. The observed high frequencies of EBV viremia and elevated viral loads in residents of high malaria transmission areas are probably related to malaria induced immune activation and resultant expansion of EBV infected B-cells.
Introduction
Acute febrile illnesses (AFI), defined as non-specific illnesses presenting with fever 38°C lasting for less than two weeks without a readily diagnosable source after routine clinical evaluation [1, 2] , are the most common causes of outpatient attendance and mortality, especially among children [3, 4] . Studies that have attempted to identify pathogens associated with AFI report of several etiologies [2, [4] [5] [6] [7] [8] .
In malaria endemic regions, AFI, especially in children are clinically managed as malaria even in the absence of parasites [7] [8] [9] . This often leads to over diagnosis of malaria [3, 4, 9, 10] . As the global incidence of malaria declines [11] , a better understanding of causes of nonmalaria fever will be required to guide effective clinical management.
EBV is reported to account for a significant occurrence of AFI cases [2, 8] . Symptomatic EBV is commonly characterized by febrile episodes, and has many clinical signs that cannot be differentiated from those of other febrile illness [12] [13] [14] [15] . Primary EBV infection can also result in a wide variety of benign and neoplastic diseases such as Hodgkin's lymphoma, Burkitt's lymphoma, post-transplant lymphoproliferative disorders (PTLDs), and oral hairy leukoplakia in AIDS patients [14, 16] .
EBV infection is common, with approximately 95% of the global adult population showing serological evidence of exposure [14, 15] . In Kenya, the virus is also strongly associated with occurrence of endemic Burkitt's lymphoma in malaria holoendemic regions [17] [18] [19] . The extent to which EBV is associated with non-malaria febrile illness remains undefined. This is partly due to the challenges in the definitive diagnosis of EBV infection. Clinically, ELISA is routinely used for the diagnosis of acute EBV infection. However, this technique has inherent limitations [20] . Firstly, the assay is less sensitive in immunocompromised patients. Further, since there is a window period in which antibodies are not produced, false negative results are possible [20] [21] [22] . The limitations of ELISA technique for EBV diagnosis have, to a large extent, been minimized with the use of real time qPCR [23] . The latter technique is more sensitive, especially in the acute phase of EBV infection [23] and can be used to quantitate EBV viral load [21, [24] [25] [26] [27] [28] . Nevertheless, EBV antibody tests have many other attributes over PCR, especially in helping to classify EBV status. A past infection is confirmed by presence of VCA IgG and EBNA-1 IgG, in the absence of VCA IgM [29, 30] . As reported in these studies, a patient is considered susceptible if he/she is negative for VCA IgG, VCA IgM, and EBNA-1 IgG. If tests for VCA IgM and VCA IgG are positive and those for EBNA-1 IgG are negative, a patient is considered to have had a primary or acute infection [29] .
The current study investigated the frequency of EBV viremia and viral load in patients with non-malaria febrile illness residing in different eco-regions of Kenya.
Methods

Ethical approval
Eligible subjects were recruited under a study protocol that was approved by the Ethical Review 
Study design
The study assessed patients presenting with febrile illness in 8 hospitals in Kenya for infections with EBV (Fig 1) . Recruitment was open to patients one year of age or older presenting as outpatients at the health care facility with an acute febrile illness (defined as an illness with a 
Sample collection and processing
Whole blood samples were collected from patients on the day of recruitment. Collected specimens were temporarily stored in liquid nitrogen dry shippers at the respective hospitals, before being transported to the KEMRI/WRP research laboratory in Kisumu for long-term storage at -80°C. During shipping, temperature in the liquid nitrogen dry shippers remained below -100°C.
DNA extraction
DNA was isolated from whole blood using QIAamp MinElute Virus Spin Kit (QIAGEN sciences, Maryland, USA) in accordance with the manufacturer's recommendations. Briefly, 200 μL of whole blood was added to 25 μL of protease. Cells were then lysed with 200 μL of buffer AL. This was followed with a 15-seconds pulse vortexing and 15 minutes incubation at 56°C. The deproteinised lysed DNA preparation was purified on QIAamp MinElute column by addition of 250 μL of absolute ethanol followed by centrifugation at 6000 x g for 1 minute. This was followed by a series of 'wash and spin' involving 500 μL of buffer AW1, buffer AW2, and absolute ethanol, in that order, at a centrifugation speed of 6000 x g for 1 minute for each wash.
To completely dry the membrane inside the column, a full speed centrifugation at 20,000 x g was performed for 3 minutes. Finally, the purified DNA was eluted from the column by addition of 100 μL of buffer AVE and stored at -20°C until analysis.
PCR screening for malaria, rickettsiae, leptospira, brucella and salmonella
The following target genes were used: Screening was by TaqMan-based PCR that targeted 18S rRNA for the plasmodia genus [31] , 16S rRNA for salmonella and leptospira [32, 33] , 17kD gene for rickettsiae [34] and IS711 for brucella [35] . The primers and probes used were obtained from commercial sources (Applied Biosystems, Foster City, CA, USA.
EBV DNA PCR and viral load measurement
Two microliters of DNA was used for the PCR. This amount corresponded to 4 μL of the original whole blood sample. BALF5 gene sequence of the EBV was amplified by a TaqMan-qPCR on the Applied Biosystems 7300 (Foster City, CA, USA) using primers and probe that have been described before [24] . The primers, probe and PCR reagents were purchased from Applied Biosystems (Foster City, CA, USA). The sequence for forward primer was 5'-CGGAA GCCCTCTGGACTTC-3', 5'-CCCTGTTTATCCGATGGAATG-3' for the reverse primer and FAM-5'TGTACACGCACGAGAAATGCGCC-3-TAMRA for the probe. The PCR was performed in a 25 μL reaction mixture which contained 12.5 μL TaqMan PCR (1X) master mix, 0.5 μL of 0.2 μM of forward and reverse primers, 0.25 μL 0.1 μM of probe, 2 μL of DNA sample, and PCR grade water. Amplification was performed at 95°C for 10 minutes, and 45 cycles consisting of 95°C for 15 seconds followed by 60°C for 1 minute.
For each run, a standard curve was generated by serially diluting EBV plasmid DNA that contained the BALF5 gene sequence. The starting concentration for the serial dilution was 12,500 copies/μL of the plasmid DNA. EBV copy numbers of the unknown samples were extrapolated from the standard graph. For quality control, the amplification results were considered valid only when the positive control plasmid generated consistent C T at various dilutions and the negative controls (water for no template control and EBV negative human sample for non-target template) remained undetected.
DNA concentrations in copies/mL of blood were then calculated according to the following equation: whole blood copies/mL = copy/rnx x 1/0.004 mL of sample /rxn
Data management and analysis
Numerical data were expressed as proportions and compared using Pearson's Chi-square or Fisher's exact tests as appropriate. Viral load data were log transformed and expressed as geometric means with 95% confidence intervals. Comparison of geometric means in patient groups such as age, gender, and region of residence was carried out using One-way ANOVA or student T-test as appropriate. Multiple logistic regression was used to assess the association between clinical signs and EBV status or level of viremia. Significance levels were set at 0.05 at 95% confidence interval. Statistical analyses were performed using Stata version 12 (Stata Corp LP, College Station, Texas) or GraphPad Prism version 5 (San Diego, CA).
Results
A total of 796 patients presenting with non-malaria AFI were evaluated for presence of EBV. Table 1 summarizes the characteristics of the patients in the study. As shown in Table 1 , majority of the patients were less than 5 years (52.8%, 420/796). Headache, cough, runny nose, abdominal pain, chills, joint aches and sore throat were the most common clinical symptoms. Most patients came from the Kisii highland and Lake Victoria basin. Out of 796 patients evaluated, 232 (29.2%) had EBV viremia. Using multivariate logistic regression analysis, we compared clinical symptoms with respect to patient's EBV status, and calculated the odds ratio. As shown in Table 1 , none of the clinical symptoms associated with EBV status.
Age-dependent pattern in detection of EBV and viremia
As shown in Fig 2, the risk of having EBV decreases with age. The highest proportion was observed in children under 5 years (33.8%) compared to 26.3% (p = 0.039) in 5-15 years and 18.8% in those older than 15 years (p = 0.002). The viral load ranged from 392.5 to 8.68 x10 5 copies/mL (geometric mean of 5,859 copies/mL, 95% CI 4,916-6,982). Comparable viral loads were observed in patients under 5 years (geometric mean, 6,970 copies/mL, 95% CI 5,609-8,661, p = 0.875, t-test) and those over 15 years (geometric mean of 7,317 copies/mL, 95% CI 3,639-14,7145) and was lowest in patients 5-15 years (geometric mean, 3,795 copies/mL, 95% CI 2,774-5,191) (Fig 3) . Viral load 5000 copies/mL were observed in 59% of the individuals in the age bracket <5 years (84/142) and those 15 years (13/22) and only 35% (24/68) in individuals between 5-15 years. 5000 copies/mL was suggested to be the average value associated with symptomatic EBV infections in immunocompetent patients [14, 25] .
Geographical disparities in the frequency of EBV detection and magnitude of viremia
We next investigated whether the geographical locality of the patients determines the frequency of EBV viremia and the associated magnitude of viral load. As shown in Fig 4, the highest proportion (36.4%) was observed among febrile patients coming from the Lake Victoria basin. Kisii highland, coastal region, and semi-arid areas had viremia incidences of 24.6%, 22.2% and 25.0% respectively. The observed frequencies of EBV viremia were significantly different between the Lake Victoria basin and Kisii highland (p = 0.001), and between Lake Associations between clinical symptoms and EBV status were evaluated using multiple logistic regression Victoria and coastal region (p = 0.045, Fisher's exact test). As shown in Fig 5, the highest viremia was observed in patients from the coastal region (geometric mean, 16,503, 95% CI, 7,123-38,237 copies/mL) and was significantly higher than in all other regions (highest p = 0.039).
Discussion
EBV is a common viral infection, and its symptoms often resemble malaria and other febrile illnesses. The goal of this study was to determine the EBV profile in patients with febrile illnesses that could not be attributed to the malaria or the other commonly reported illnesses caused by rickettsiae, leptospira, brucella and salmonella. To achieve this goal, the frequency of EBV viremia and viral load levels in a patient cohort a priori determined not infected with these endemic infections was investigated. The patients were recruited from 8 surveillance hospitals in Kenya (Fig 1) .
Most studies of EBV in Kenya have focused on finding association of EBV and malaria in causation of Burkitt's lymphoma [17] [18] [19] 36] . Two recent seroprevalence studies performed in the U.S by the National Health and Nutrition Examination Surveys (NHANES) in individuals ranging from 6 to 19 years showed that EBV sero-prevalence range from 50% in 6-8 years; 55% in 9-11 years; 59% in 12-14 years; 69% in 15-17 years; and 89% in 18-19 years [37, 38] . Other previous sero-surveys in the UK indicate a prevalence of over 70% [39, 40] . In western Kenya, a study by Piriou et al (2012) showed that about 50% of children less than 2 years had detectable EBV DNA [36] . Using qPCR in febrile patients drawn from different eco-regions of Kenya, we found an overall occurrence of 29.2%. It is important to note that, as opposed to sero-prevalence that indicates exposure, our EBV infection rates indicate presence of the virus at the time of examination. As shown in Fig 2, there was a high proportion of EBV viremia among children below the age of 5 years (33.8%), dropping to 26.3% in 5-15 years, and further to 18.8% in those older than15 years. The high frequency of EBV in younger children is probably a reflection of their immune status, practices that enhance exposure such as exchange of oral secretions through pre-chewing food for infants or via shared items such as toys, bottles and utensils [25, [41] [42] [43] .
Rarely does EBV cause adverse health consequences. Upon primary infection, the virus transforms into latent infection in B lymphocytes and can be reactivated when the immune system is compromised. Both primary and reactivated EBV infections can lead to clinical disease. One of our objectives was to determine whether some of the febrile illness in the study cohort could be attributed to EBV infection. This study employed a sensitive qPCR assay that involved amplification of the lytic BALF5 gene from blood samples. Because whole blood was used for preparation of DNA, it is possible that both the latent and lytic EBV were amplified, thus making it difficult to categorically define viremias from asymptomatic carriers, reactivation or from primary EBV infections. Nevertheless, some studies suggest that patients with symptomatic EBV infections can be distinguished on the basis of viral load [14, 25] . In these studies, it was reported that immunocompetent patients with symptomatic EBV infections have viral loads averaging 5000 copies/mL of blood during the first 7-10 days of illness and that viral loads during latency are rarely above 1000 copies/mL [14, 25] . The reduced viral load during latency is probably due to production of latent protein 1 that inhibits production of increased DNA copies [44, 45] . In contrast, expression of lytic proteins such as EBV-specific protein z fragment and viral capsid antigens are associated with increased viral copies in an infected cell [46] . In our study, EBV viral load ranged from 392.5 to 8.7 x10 5 copies/mL. Levels of viremia were age dependent (Fig 3) , being highest in individuals under 5 years (6,970 copies/mL, IQR 5,609-8,661), dropped to 3,795 copies/mL (IQR 2,774-5,191) in the 5-15 years and rose to 7,317 copies/mL (IQR 3639-14,715) in those above 15 years. Again, the highest number of individuals with viral load > 5,000 copies/mL were in the under 5 years (59%, 84/142) and over 15 years (59%, 13/22), but lower in 5-15 years (35%, 24/68). This distribution tarries with reports indicating symptomatic infections are more likely to occur during early childhood and after puberty. Support for early childhood and late adulthood infections come from earlier studies that suggested that this could be due to primary infection during early childhood, and agedependent reactivation as a result of reduced cellular immune response later in life [47, 48] . There were no associations between clinical symptoms and EBV status (Table 1) , despite previous claim that an EBV viral load of >5000 copies per mL is a clinical threshold for EBV disease [25] . Our findings are consistent with many other studies that did not find a relationship of viral load and clinical signs [49, 50] . Part of the explanation as to why there were no associations between clinical symptoms and EBV status is due to the fact that EBV reactivation may occur commonly because of other infections. Our data therefore suggest that clinical manifestations of EBV are non-specific. It has been suggested that illness from EBV is due to altered immunity but not from increased viral load [49] . The activity of cytotoxic T cells, rather than the EBV viremia have been suggested as the primary culprits for increased severity [50] .
In terms of geographical disparity, frequency of EBV viraemia was higher in Lake Victoria basin (36.4%) than the coastal region (22.2%), Kisii highland (24.6%) and semi arid areas (25.0%). Many factors could be responsible for the geographical trends, including human social behavior as well as economic activities [51] . These factors may determine person-to-person contact and may play a role in viral transmission. Sexual behavior, crowding especially in social events, markets, schools and hospitals, large family size, sharing of items and utensils, are known risk factors for EBV infection [25, 39, [41] [42] [43] . Disparity in prevalence of EBV viremia have been reported before [39] . Higgins et al. (2007) for example found a higher seroprevalence among individuals born in Africa (94%), followed by South America (85%) and was lower among those born in Southeast Asia (79%). Of the febrile patients with EBV viremia in the Lake Victoria basin and the coastal region, more than 60% (69/115 for Lake Victoria, 8/12 for coast) had viral load 5,000 copies/mL compared to 40% (34/84) in Kisii highland and 48% (10/21) in the semi arid regions. There are many potential explanations for the disparity in viral load, including regional differences in HIV sero-status. For example, Piriou et al. (2004) reported that EBV load significantly increased after HIV seroconversion [52] . The population around the Lake Victoria basin has the highest HIV prevalence (>15%), compared to 4% in the area of that study at the coastal region, 8% for Kisii, and about 3-5% in the semi arid regions [53] . Clearly, the high frequency of EBV and viral load in the coast region cannot be explained on basis of HIV prevalence. Another possible explanation, and the one we favor is regional disparity in malaria endemicity. The two regions, Lake Victoria and the coast regions that have the highest burden of malaria [54] , also happen to have the highest viral load levels. Repeated malaria exposure has been reported to lead to elevated EBV viremia [17, [55] [56] [57] . Snider et al. (2012) has suggested that repeated infection with P. falciparum malaria results into loss of functional IFN-γ producing CD8+ T-cells in response to EBV lytic antigens [58] . Others studies have shown that malaria parasite tends to induce polyclonal B-cell expansion [56, 59, 60] that in turn leads to expansion of EBV infected B-cells. 
Conclusions
This study provides profiles of EBV in patients with AFI from diverse eco-regions of Kenya. Of significant interest is the high frequency of EBV viremia in younger children. It is important to note that the frequency reported is from a pool of febrile patients and therefore does not represent EBV prevalence in the community. The risk of EBV infection decreased with age. This is contrary to sero-prevalence data from other reports that have shown an increase in sero-prevalence with age. We think this discrepancy is due to the methods used. In our study, EBV detection by PCR indicates presence of the virus, while sero-prevalence indicates exposure. One limitation of the study is that the screening for the common endemic infections was not comprehensive enough, and therefore, it was not possible to rule out increased viremia from reactivation by other diseases. Finally, it is fair to state that our data on EBV viremia is inconclusive on the clinical importance of finding EBV in blood. We think this is because our tests for pathogens were not exhaustive and especially because we did not rule out other causes of upper respiratory tract infections. Nevertheless, this study serves as a nice platform for further studies on EBV.
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